SUMMARY Though the pathophysiology of the irritable bowel syndrome (IBS) is commonly attributed to dysfunction of the large intestine, evidence exists to incriminate the small bowel. In order to further explore the role of the small bowel in IBS several stimuli were applied, in an attempt to unmask the dysmotility of the jejunum and ileum. These included infusions of cholecystokininoctapeptide (CCK-OP), a high fat meal, neostigmine and balloon distension of the ileum. Three groups (n=8) each of age and sex matched healthy volunteers were studied; patients with IBS complained of predominant constipation (n=8) or diarrhoea (n=8). Patients with IBS responded excessively to stimulation by CCK-OP, fatty meal, and ileal distension. In general patients with diarrhoea were more sensitive to stimuli than those with constipation. The ileum responded more to stimulation than the jejunum. As in the large bowel, stimuli appear to unmask intestinal dysmotility in patients with IBS. Motor abnormalities were often accompanied by abdominal symptoms, raising the possibility that dysfunction of the small bowel contributes to the symptoms of IBS.
The pathophysiology of irritable bowel syndrome (IBS), although still unclear, is frequently attributed to abnormal motility of the large bowel. 4 Basal motor patterns in the colon may be normal, but manoeuvres which stimulate intestinal motility often unmask motor dysfunction. Stimuli implicated in this regard are gastrointestinal peptides, such as cholecystokinin;9' food, especially fat;7' cholinergic agonists;9 "' and mechanical distension of the bowel."-The small intestine has also been implicated in the pathogenesis of IBS, however;';" indeed, evidence exists for involvement of smooth muscle even outside the gut. 192 We have reported that interdigestive cycles (MMC's) were altered in the small intestine of patients with IBS,"1 and that episodes of cramping abdominal pain often accompanied specific motor patterns in the ileocaecal region. These findings implicate dysfunction of the distal small bowel, at least in some patients with IBS. We also wondered whether provocative stimuli, if applied systematic-currently under active investigation or follow up, all were symptomatic. Eight healthy subjects, also age and sex matched to the patients, comprised the normal controls. All gave written informed consent to the protocol which was approved by the Mayo Clinic's Institutional Review Board and Radiation Control Committee. GASTROINTESTINAL 
MANOMETRY
Intraluminal pressures were recorded using a low compliance pneumohydraulic catheter, and two synchronised multichannel recorders (Honeywell 1600, Honeywell Test Instruments Division, Denver, CO). Pressure ports were positioned fluoroscopically, aided by the recognition of motor patterns characteristic of the different locations.22 23 In individual subjects, two to four recording sites were positioned in the jejunum, three to six in the ileum, and one to two in the caecum and/or proximal colon. Using electronic planimetry, motility indices (MI) were calculated from each recording port. In addition to identifying the migrating motor complex (MMC), discrete clustered contractions (DCC's) in the jejunum and prolonged propagated contractions (PPC's) in the ileum, were defined as before. In order to summarise the data within each subject and to compensate for small differences in the actual amounts of CCK-OP administered between subjects (Table 1) , intestinal and GB responses to CCK-OP and to the meal were evaluated as in previous reports.2"2 Briefly, after transformation of a 'crude' motility index to a logarithmic function (MI), a relative MI (RMI) was computed from each recording port at each (log) dose of CCK-OP, and at each 10 minute interval postprandially. Relative motility index was the log of the stimulated motility index (MI) minus the median basal (log) MI, divided by the median basal (log) MI. Gall bladder volumes during CCK-OP and after the meal were normalised by converting to relative GBV, the actual GBV at each step divided by the median basal GBV. Doses of CCK-OP which produced 10%, 50%, and 90% reduction in GBV were estimated, designated as Dest 10% (or 50%, or 90%, respectively) relative GBV. Those which produced a 90% reduction in GBV were associated with abdominal symptoms and were considered to be 'pharmacological'.2' The minimum postcibal GBV, designated min pc relative GBV, was used as an Relative motility indexes in response to CCK-OP were compared between groups at the Dest 10% (50% and 90%) relative GBV; RMI's in response to the meal were compared at the min pc relative GBV.2' The groups were compared as to the time when symptoms appeared during the infusions of CCK using a proportional hazards regression analysis. 26 The effect of neostigmine on RMI was analysed using a two-way analysis of variance (drug dose by group). Numbers of subjects with pain in each group at each volume of balloon distension were compared using the Fisher's Exact Test (adjusted for multiple comparisons).
An alpha-level of 0.05 was considered statistically significant, while p-values between 0-05 and 0-1 were considered as of borderline statistical significance.
Results

BASAL MOTILITY
During fasting, all groups showed regular cycles of the MMC; however, cycle lengths were different among the two groups of IBS patients and the normal subjects.'8 Basal, fasting motility indices were not different among the groups, though certain motor patterns, were more common in IBS than in health, and these patterns were often associated with abdominal symptoms. 18 Motor responses to CCK-OP CCK-OP abolished MMC's in all patients; fasting patterns were replaced by apparently random pressure waves, similar to 'phase 2' or the fed state. Qualitatively the responses to CCK-OP featured increased numbers of tonic rises in base-line pressure, but usually there was little change in the numbers of phasic pressure waves (Fig. 1) . In the ileum and colon, prolonged high pressure waves (PPC's) were recorded from eight IBS patients and two normal subjects ( Figure 1 , Table 2 ). These pressure waves were often accompanied by spontaneous complaints of abdominal pain; six IBS patients and one normal subject experienced symptoms concurrent with PPC's ( Table 2 ). Table 1 ) in a patient with irritable bowel syndrome. Note the tonic elevation of the baseline (two proximal channels) and spontaneous complaints ofabdominal pain in association with high pressure waves (PPC's) in the distal ileum and colon. Constipation (n=8) 7 7 Control (n=8) 5 4 In the absence of high pressure waves, less well defined abdominal symptoms (distension, borborygmi, discomfort) were volunteered by all persons during infusions of the higher doses of CCK-OP. Such symptoms commenced earlier, however (p<0.01) in the constipation group (84 (11) min, at dose level iii in Table 1 ) than in normal subjects (137 (6) min, level v) or IBS with diarrhoea (109 (14) min, level iv).
Relative motility indexes were compared for the small bowel and colon at the doses of CCK-OP equivalent to three levels of gall bladder contraction, the 10, 50, and 90% decrements of relative GBV ( (Fig. 5 ).
Luminal distension Pressures within the balloon at each volume of inflation were not significantly different between IBS and normal subjects (at 20 ml, 236 (9) v 220 (5) mmHg); pressures in persons experiencing pain were not different from those without pain. In the randomised balloon inflation (Fig. 6a) , a pooled comparison for an effect of volume was significant (p=002). Although a higher proportion of IBS patients than normal subjects experienced pain at the 15 ml and 20 ml volumes, this difference was of borderline statistical significance (p=008). During graded inflation (Fig. 6b) , a greater number of IBS than normal subjects experienced pain at volumes of 15, 17-5, and 20 ml. Comparisons at 15-0 and 17.5 ml between IBS and controls were of borderline significance (p=0. 07) and significant (p=003), respectively. Differences at 20 ml were not significant.
Discussion
Although all of the stimuli we applied have been used by others to unmask colorectal dysfunction in IBS,1'3 they have not been previously applied to the small intestine in a systematic fashion. Patients with IBS responded to stimulation with exaggerated motor responses in the small bowel, and these were often accompanied by abdominal symptoms. CCK-OP produced the most marked differences between patients and controls, although the fatty meal also evoked greater motility and symptoms in IBS, and distension of the ileum provoked abdominal discomfort at lower volumes in lBS. Neostigmine stimulated motor activity in all regions, and did not evoke responses of different magnitudes in IBS and controls.
A second important finding was that, in some regards, IBS patients with predominant diarrhoea differed from those with predominant constipation. Those with diarrhoea were, in general, more sensitive to stimuli than were those with constipation. Altered bowel habits in patients with IBS cannot be specified absolutely, as many experience alternating patterns; nevertheless, this categorisation is well established.4'216 Our classification into those with predominant diarrhoea or constipation was prospective, and was based on the past medical history, current symptoms, and responses to a standardised questionnaire.10 All patients had abdominal pain as a major complaint; other clinical information has been reported elsewhere. 20 Cholecystokinin has been implicated in the pathogenesis of IBS56 because of its effects on smooth muscle of small and large intestine.27 2 We stimulated with the octapeptide because it has all the activities of any form of CCK, is as potent as larger molecular forms, and it circulates in man. 29 We assessed its effects at dosesI2' that ranged from subphysiological (minimal contraction of the gall bladder) to pharmacological (marked contraction of the gall bladder and abdominal side effects). Doses were evaluated by a simultaneous 'bioassay' of GB volume, as a well validated assay for circulating levels of the family of CCK peptides was not readily available. We also assayed CCK-OP at the point of infusion, as the peptide is known to adhere to containers, even in the presence of albumen, and so to be 'lost'. Further, variable losses between subjects made it necessary to analyse the results as individual dose response Figure 6A , the mean percentage ofpatients experiencing pain after random distension ofa balloon to volumes between 10 and 20 ml is shown. Constipation and diarrhoea refer to patients with irritable bowel syndrome. Figure 6B gives the results in studies in which the ileal volume of distension was increased step wise. relationships.2'2' Motor responses of the small bowel to pharmacological (90% contraction of the GB) amounts were different among groups of subjects, though differences were impressive only at the jejunal level (Table 3) . In earlier reports, the effects of CCK on the distal colon did not differ among subgroups of IBS,'8 but in the present study, the diarrhoea group showed a trend towards more sensitivity of the proximal colon to CCK-OP, when compared with IBS with constipation or controls. Earlier, we described that the sensitivity of the gall bladder to infused CCK-OP was also different among patients with IBS and controls. 20 Neostigmine increased motility in all groups, with no obvious quantitative differences between IBS and controls. This drug, which appears to act by increasing acetylcholine at the smooth muscle membrane,`' increases distal colonic motor activity in man,29 excessively so in IBS.9' Although the proximal colon is more sensitive to cholinergic agents than the distal colon,12 effects on the human ileum have not been previously assessed. The provocation of PPC's by neostigmine in all groups suggests that cholinergic mechanisms contribute to their production. Discrete clustered contractions, were provoked by neostigmine more frequently in IBS than in controls, and this motor pattern was a feature of prolonged fasting recordings in these same patients. '8 Distension of the ileum was the other stimulus to which patients with IBS were more sensitive; previous studies have shown these patients are more sensitive to colonic" and rectal'2 distension, although this may be caused by a low threshold for visceral pain or to an abnormal sensory perception. Determination of the sensitivity of the ileum to distension has not been previously assessed in IBS, although in an uncontrolled study, the distribution and referral of abdominal pain provoked by ileal distension was noted. 11 Supported in part by Grants AM32121, AM34988, AM32878, and RR585 from the National Institutes of Health, Bethesda, MD. J E Kellow was a recipient of a Scholarship from the Medical Foundation, the University of Sydney, Australia. irritable bowel syndrome. 
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